Recent measurements of hadronic branching fractions of D and Ds mesons, performed by the BABAR and Belle experiments at the asymmetric e + e − B factories colliders PEP II and KEKB, are reviewed.
Introduction
Hadronic branching fractions of D and D s decays are used as references mode in many measurements of branching fractions of D and B-meson decays as well. A precise measurement of such values improves our knowledge of D and B-meson properties, and of fundamental parameters of the Standard Model, such as the magnitude of the Cabibbo-Kobayashi-Maskawa [1] matrix element. Using conservation of momentum and energy, the invariant mass squared of the undetected neutrino is calculated as
Absolute branching fraction of
where E beam is half the total center-of-mass energy, E ℓ (E D * ), p ℓ ( p D * ) are the energy and momentum of the lepton (the D * meson) and the magnitude of the B meson momentum, p B , is considered negligible compared to p ℓ and p D * . Figure 1 shows the M 2 ν distribution and the results of a minimum χ 2 fit aiming to determine the signal and background contribution. The D 0 → K − π + decays in the inclusive sample are selected requiring events in the mass range 1.82 < M Kπ < 1.91 GeV/c 2 and 142.4 < ∆M < 149.9 MeV/c 2 where
s is the slow pion from D * + decay. The exclusive selection yields N excl = 33810±290 signal events, where the error is statistical only.
The branching fraction is computed as
where ε (K − π + ) is the D 0 reconstruction efficiency as computed in the simulation, and ζ is the selection bias introduced by the partial reconstruction.
The main systematic uncertainty on N incl and N excl are respectively due to the non-peaking combinatorial BB background and the charged-track reconstruction efficiency. The complete set of systematic uncertainties is listed in Tab. I. The absolute branching fraction of
where the first error is statistical and the second error is systematic. This result is comparable in precision with the present world average, and it is consistent with it within two standard deviations. 
Absolute branching fraction of D
The poor accuracy of the branching fraction
has been a systematic limitation for some precise measurements. In particular, the recent study of the CP violation in B 0 → D ( * )± π ∓ decays is restricted by the knowledge of the ratio of two amplitudes that determine the CP -asymmetry [4, 5] [6] . In this analysis 4-momentum conservation allows to infer the 4-momentum of the undetected part. 
where B(D ( * ) ) is the product of D * branching fraction and those of sub-decays.
The signal is identified by studying the mass recoiling against the reconstructed particle (or combination of particles) denoted as X. This recoil mass is defined as:
where E X and P X are the center-of-mass (CM) energy and momentum of X, respectively; E CM is the CM beam energy. A peak in the M recoil distribution at the nominal mass of the recoil particle is expected. Since the resolution in M recoil is not enough to separate the relevant final states, the recoil mass difference ∆M recoil is used to disentangle the contribution of the different final states:
branching fractions is unknown, the analysis is performed for these two channels separately. Figure 2 shows the ∆M recoil (D 
, the D + s absolute branching fraction is computed by Eq. 1 for 
Relative branching fraction of
The branching ratios of the singly Cabibbosuppressed decays of D 0 meson are anomalous since the D 0 → π − π + branching fraction is observed to be suppressed relative to the D 0 → K − K + by a factor of almost three, even though the phase space for the former is larger. The branching ratios of the three-body decays [3] have larger uncertainties but do not appear to exhibit the same suppression. This motivates the current study which measures the branching ratios of
BABAR collaboration measures both branching ratios [7] , Belle collaboration only the decay
, many sources of systematic uncertainty including the π 0 detection efficiency and uncertainty in the tracking efficiency cancel out. To reduce combinatorial backgrounds, D 0 candidates are reconstructed in decays
, by selecting events with at least three charged tracks and a neutral pion.
BABAR obtains the following results for the branching ratios:
while Belle obtains:
Errors are statistical and systematic, respectively. Figure 3 shows the resulting mass distributions. Reflected
Using the world average value for the
, the absolute branching ratios result:
where the errors are statistical, systematic, and due to the uncertainty of B(D 0 → K − π + π 0 ). The decay rate for each process can be written as:
where Γ is the decay rate to a particular three-body final state, M is the decay matrix element, and Φ is the phase space. Integrating over the Dalitz plot assuming a uniform phase space density, the above equation can be written as:
where |M| 2 is the average value of |M| 2 over the Dalitz plot and the three-body phase space, Φ is proportional to the area of the Dalitz plot. For the three signal decays Φ is in the ratio 
To the extent that the differences in the matrix elements are only due to Cabibbo-suppression at the quark level, the ratios of the matrix elements squared for singly Cabibbo-suppressed decays to that for the Cabibbo-favored decay should be approximately sin 2 θ C ≈ 0.05 and the ratio of the matrix elements squared for the two singly Cabibbo-suppressed decays should be unity. The deviations from this naive picture are less than 35% for these three-body decays. In contrast, the corresponding ratios may be calculated for the two-body decays
Using the world average values for two-body branching ratios [3] , the ratios of the matrix elements squared for two-body Cabibbo-suppressed decays, corresponding to Eqs. 2-5, are, respectively, 0.034 ± 0.001, 0.111 ± 0.002, and 3.53 ± 0.12. Thus the naive Cabibbo-suppression model works well for three-body decays but not so well for two-body decays.
Amplitude analysis of D and D s decays
The Dalitz plot analysis is the most complete method of studying the dynamics of three-body charm decays. These decays are expected to proceed through intermediate quasi-two-body modes [9] and experi- mentally this is the observed pattern. Dalitz plot analyses can also provide new information on the resonances that contribute to observed three-body final states. In this kind of analysis the complex quantum mechanical amplitude f is a coherent sum of all relevant quasi-two-body D 0 → (r → AB)C isobar model [10] resonances, f = r a r e iφr A r (s). Here s = m 2 AB , and A r is the resonance amplitude. The isobar model is expected to fail when there are large and overlapping resonances. In such case the ππ Swave is often parameterized through a K-matrix formalism [11, 12] . and
D
. The decay
+ is frequently used in particle physics as the D + s reference decay mode. The improvement in the measurements of these ratios is therefore important because it allows the D
A sample of 101k events with a purity of 95% is selected by a likelihood function using vertex separation and p * , the momentum of D 
is required to be within ±2σ of the PDG value [3] . The selection efficiency is determined from a sample of Monte-Carlo events in which the D + s decay is generated according to phase-space.
An unbinned maximum likelihood fit is performed in order to use the distribution of events in the Dalitz plot to determine the relative amplitudes and phases of intermediate resonant and non-resonant states.
The best fit results showing fractions, are summarized in Tab. II. The decay results to be dominated by K * (892) and φ. Their branching ratio are:
where errors are statistic and systematic respectively. These measurements are much more precise than the previous ones, based on a Dalitz plot analysis of only 700 events [13] . A f 0 (890) contribution is large but it is affected by large systematic errors as well due to uncertainness on f 0 (980) and f 0 (1370) parameters. The Dalitz plot projections together with the fit results are shown in Fig. 4 . 
Decay Mode
Decay fraction(%) In order to interpret these distributions, one should recall the relationship between Y 0 1 moments and Sand P -wave amplitudes [14] :
Here S and P are proportional to the size of the Sand P -wave contributions and φ SP is their relative phase. So Y 0 1 results to be related to the S-P interference. Due to the presence of strong reflections on the K + K − channel from the K − π + channel (and vice versa), Eq. 6 is meaningful only in the threshold regions. Figure 6 shows a large activity in the low distribution along the K − π + projection, on the other hand, has a very small activity in theK * (892) 0 , suggesting a small Kπ S-wave contribution.
D
can provide information on the Kπ S-wave amplitude in the mass range 0.6-1.4 GeV/c 2 , and hence on the possible existence of the κ(800), reported to date only in the neutral state (κ 0 → K − π + ) [16] . If the κ has isospin 1/2, it should be observable also in the charged states. Results of the present analysis can also be an input for extracting the CP -violating phase γ [17, 18] .
The signal efficiency is estimated for each event as a function of its position in the Dalitz plot using simulated D 0 → K − K + π 0 events from cc decays, generated uniformly in the available phase space.
For D 0 decays to K ± π 0 S-wave states, three amplitude models are considered: the LASS amplitude for [19] , the E-791 results for the K − π + S-wave amplitude from an energy-independent partial-wave analysis in the decay higher mass f 0 states are found to contribute significantly. 
Neglecting CP violation, the strong phase difference, δ D , between the D 0 and D 0 decays to K * (892) + K − state and their amplitude ratio, r D , are given by
• (syst) and r D = 0.599 ± 0.013 (stat) ± 0.011 (syst). These results are consistent with the previous measurements [22] 
• (syst) and r D = 0.52 ± 0.05 (stat) ± 0.04 (syst).
mixing in other decay modes and to search for CPviolating effects in order to determine whether physics contributions outside the SM are present. Belle [23] collaboration reports a measurement of [27] . In order to estimate the systematic errors due to model, BABAR reports a Dalitz plot analysis where the ππ S-wave is parameterized by a K-matrix model [26] .
The results of these analyses are summarized in Tab. IV. The decay is dominated by the K * (892) − and ρ(770) contribution. In order to improve the quality of fits, doubly Cabibbo suppressed K * contributions and two Breit-Wigner amplitudes σ 1 and σ 2 (whose masses and widths are float parameters) are included. σ 1 and σ 2 take in account the poor knowledge of S-wave in the low mass spectrum and f 0 (980) parameters. The K-matrix model overcomes this problem describing the ππ S-wave at all. Figure 7 shows the results of unbinned maximum likelihood fit performed by Belle [23] . 
